Abstract -Sound economy and assured profitability of an organization entirely depend upon effective control of non-quality costs generated in the organization. Through simple economic model with parato and cause effect analysis of different elements of quality costs, e.g. Prevention, Appraisal costs conformance costs and internal and external failure costs -non conformance costs, total quality costs can be controlled resulting considerable savings. This paper discusses how quality has an impact on the costs of goods and services in an organization and "Return on Investment (ROI)" is linked with "Return on Quality (ROQ)".
I. INTRODUCTION
We have to properly identify and measure the costs associated with non-quality in any organization for basic three reasons:
(I )To quantity the size of quality problem (2)To help in satisfying a quality improvement effort and to guide the development of that effort (3) To track progress in improvement activities The organizational goal is ''Total Quality Management" and the process of quality improvement is the means of reaching this goal. It is important for an organization to understand that in today's markets customers' requirements are becoming more rigorous and at the same time it is likely that their competition will also be increasing. Consequently there is a need for the process of quality improvement to be continual and total. TQM should always be referred to as a process not a programme.
In addition to the quality of product and service, organizational operation needs to be competitive on cost and delivery. This is termed as "QCD". If the organizations are to survive in their respective business in global competitive market, they are bound to achieve substantial cost reduction for their operations. In many instances quality-related costs are a major potential source of the necessary savings. Quality costing is one of several tools and techniques, which can assist companies with improving quality of product and service.
John Asher, Managing Director, Crown Industrial Products, U.K. expressed in 1982 that "Quality Costs allow us to identify the soft target to which we can apply our improvement efforts".
978-1-4244-3672-9/09/$25.00 ©2009 IEEE John Barbour, Managing Director, John Russel (Grangemouth) Ltd. U. K. said that "With the prospect of increased competition as result of activities surrounding 1992, it is important for us to continually improve our operational methods. The formal measurement of quality costs is central to that process, and has the added benefit of showing us how we can tackle certain areas of costs".
II. WHICH ARE COSTS OF QUALITY
Quality -related costs generate from a range of activities and involve all the departments in an organization. These departments mainly are sales and marketing, design, research and development, purchasing, storage and handling, production or operation planning and control, manufacturing / operations, delivery, installation, service, and finance and accounts. They are, however, not wholly determined or controlled from within an organization. Suppliers, subcontractors, stockiest, agents, dealers and customers can all influence the incidence and level of quality related costs.
Many in -built inefficiencies are observed in business organizations such as excess material allowances, excess papers and forms, excess production / operation starts, and deliberates over makes. The costs of in -built inefficiencies are not regarded as specifically production and operating costs which may intact have their origins in engineering, technical, manufacturing and operating inefficiency. These costs can be reduced or even eliminated by the effective implementation of statistical process control (SPC).
In a manufacturer of engines, snagging facilities were provided to avoid stopping production in line manufacturing process. This is another form of in -built inefficiencies. Many manager opine that it is necessary to provide contingency facilities, such as snagging areas, and that their operating costs were just another built -in burden.
The principal problem arising from built -in inefficiencies, apart from their direct costs, is that they distort the base values against which important judgements are made and, ironically, the more the base values are used the more firmly entrenched and accepted the built -in efficiencies become.
A cause of poor quality of products and services acknowledged as arises from quality -delivery dilemma. Sometimes quality is only achieved at the expense of a default on delivery, or vice versa. Manufacturers of large heavy goods for overseas customers especially can face very severe quality cost penalties if agreed shipping dates are not met. Having to compromise also tends to increase the amount of products passed on concession, and tends to increase inventory levels.
III. BACKGROUND OF QUALITY COSTING
Feigenbaum in mid 1950s identified quality costs consist of prevention, appraised and failure costs in his seminal paper. Until then all the earlier papers on quality mention only inspection, rework, repair and warranty cost i.e. the elements of appraised and failure categories of quality -related costs.
Categories of Costs of Quality: Normally manufacturing organizes categorize costs of quality as prevention costs, appraisal costs, internal failure costs, and external failure costs This is PAF approach. BS6143 Part 2 -1990 Rev 3 defines quality -related costs as "Cost in ensuring and assuring quality as well as loss incurred when quality is not achieved.
Another approach is to consider the activities relating to supplier, company and customer. This is explained I the following matrix. It is suggested that quality -related costs categorized under "Supplier", "Company" and "Customer" headings would relate closely to the way companies work. This categorization applies to both manufacturing and service organizations.
The methodology focuses on departmental objectives and process ownership, and helps people to identify the costs of conformance and the costs of nonconformance, which are associated with the processes for which they have responsibility. A model of each process is developed. This identifies all the parameters and activities within that process to be monitored and in which area of the two costs they fall. This will help to extend the concept of quality costing to all functions of an enterprise and to non -manufacturing organizations. It also gets people to consider in more detail the processes being carried out within their organization.
This methodology is not user friendly for individuals to take ownership for modeling their particular aspect of the quality system. A simpler method, quality management activity planning (Q -MAP) has been developed for the mapping of quality assurance procedures, information flows and qualityrelated responsibilities which has been used by a wide range of company personnel from shop floor operators to members of the senior management team.
Whilst these two methods facilitate ownership of the quality costs by each department they sometimes fail to identify those costs, which occur between departments. Consequently, some costs are not identified and even if they are, difficulties are encountered in persuading departmental managers to take responsibility for their 1118 ownership and subsequent reduction. It can also lead to departments attempting to minimize their costs at the expense of other departments resulting organization's benefits as a whole are diminished. Cross -function cooperation if necessary if quality costing is to be a success.
Preservation is the most difficult of the category to cost because it depends heavily on estimates of apportionment of time be indirect workers and staff who do not usually record how they spend their day. In order to obtain preservation cost synthesis it is necessary to record or estimate the proportions of time spent by various personnel on each activity.
A cost which is not collected and which is very difficult to estimate with acceptable accuracy is the cost of personnel other than quality assurance department, personnel whose work is partly generated as a result of failures. Examples are the involvement of purchasing and accounts personnel in dealing with supplier rejects, and production control personnel rescheduling rework ion terms of components and batches of product. Analysis of failure costs by functional causes (e.g. production, purchasing, marketing) is another type of cost, which is not usually readily available. Within the manufacturing industry these are regarded as very important costs.
Some organizations take the view that prevention cost is a desirable cost and consequently they do not include it in their quality costing reporting system, they only collect and report the cost of failure and appraisal. Another consideration in relation to ease of collection is the matter of labeling of account codes. Accounts departments sometimes keep separate accounts of some non -routine matter like product recall and give it a title from which it is not immediately obvious that it may be a quality cost. Hence it is prudent to work very closely with the accounts departments when investigating quality costs.
Source of information. Accuracy is one of the most important criteria in that it has a strong and direct influence on the amount of work involved in the task and on the credibility of the outcome. The true accuracy of quality costs is dependent on the underlying data. Knowledge of how these data are obtained and the purposes for which they are used may give good indications of the accuracy, which may reasonably be sought or expected. It is presupposed that the intention is to build up a reasonably accurate and detailed picture of how and where quality -related costs are incurred. It is necessary only to identify and analyze the high -cost areas with a view to mounting specific cost -cutting projects. Quality costs must be accurate enough to be credible even to those whose efficiency or performance is perhaps impugned by the resulting report. It is for this reason that only quality costs endorsed by accounts departments should be used in the report as those have greater acceptability and are more likely to be compatible and consistent with other cost efficiency measures.
IV. USES OF QUALITY COSTS
There is no point in collecting quality costs information if it is not to be used. The uses of quality costs are grouped into three broad categories. To improve product and service quality as a business parameter. Facilitating performance measures and improvement. Provide the means for planning and controlling future quality costs.
Knowledge of quality -related costs enables business decisions about quality to be made in an objective manner. It helps companies to decide how, when and where to invest in prevention activities or equipment. This is a most valuable use of quality cost data. Scrap, rectification and rework costs are collected and reported in most companies and are regarded as important costs which feature in companies? Business decisions. Most companies would confidently claim that the decision whether or not to do corrective work or to scrap a product or batch is taken on economic grounds. It is often found that a knowledge of quality costs is of considerable benefit in the education of staff in the concept of TQM as a key business parameter and gaining their commitment to a process of continual quality improvement. The level of quality costs is often fed back to staff in the form of diagnostic reports and surveys and this opens up dialogue on what are the major areas for improvement.
These costs measures are used for three main purposes: (I) comparison with other parts of the business or with other businesses, (2) decision -making, and (3) motivation. When quality costs are presented in such a way for increasing profitability, executives' attention automatically becomes focused on them. Companies are keen to know if their quality performance in terms of quality -related costs is good, bad or indifferent. The most popular comparative measures are sales, manufacturing costs, and unadjusted value -added against quality costs. Quality costing focuses attention on the chronic problems for which compensations had been built into the system. Examples are allowances for material loss and average scrap levels built into standard costs, personnel and equipment on standby, additional supervision, extra stocks, etc. To expose all such costs and reduce and eliminate wastage would require a very wide view of TQM along the lines of world -class companies, and a ruthless and relentless pursuit of truth and continuous and never -ending improvement to be adopted.
Improved, but that the patrol and final inspection activity could be reduced through the effective use of spc.
V. A PRACTICAL APPROACH
A. Prevention costs.
AJ -Costs related to Quality engineering and Process engineering -Planning the quality system and translating product design and customer quality requirements into manufacturing quality controls of materials, processes and products and those costs associated with implementing and maintaining quality plans and procedures. Estimated time 30% for quality engineering and 30% for process engineering of a senior person of quality control having yearly employment cost of Rs. l, 20,000/-.
Az -Costs of design and development of quality measurement and control equipment. The cost sources are estimated as 5% each of a senior shaft of quality control department and production engineering departments, costs related to research and development work and charges for research materials A3 -Quality planning by functions other than quality control department, which is not applicable in most of the companies.
� -Calibration and maintenance of production equipment used to evaluate quality. The costs are estimated as at half a man -day per month.
As -Maintenance and calibration of test and inspection equipment.
Sources of cost data for this element are (I) the financial code for indirect materials -inspection equipment; (2) invoices for calibration services from outside the company; (3) staff time input, estimated as being 5% of a senior person of quality control.
A6 -Supplier assurance -The staff time input from quality control department is estimated to be 8% of a senior staff.
A7 -Quality Training -The costs of this element are wholly within the quality control department and the staff time is estimated as 2% of a senior staff.
As -Administration, audit, improvement -costs of travel, telephones, post, printing, etc. are administration cost including depreciation costs of the capital assets of quality control department.
Auditing and improvement costs, mostly incurred within the quality control department, are estimated as 15% of a senior person's time.
The prevention costs and findings are summarized in the following B 1 -Laboratory acceptance testing costs for purchase production materials.
These are the costs of tests to evaluate the quality of purchased materials which become part of the final product or that are consumed during production operations. Costs estimated as Rs.2, 00,0001-per year.
B2 -Costs related to inspection and test including receiving inspection.
This element covers the inspection activity from within the quality control department. It is the cost of 8 full -time inspectors, plus 70% of the time of a supervising foreman 1 manager.
B3 -In -process inspection by personnel other than inspectors. In this company engineering manufacture operators are frequently required to carry out inspections as part of their normal work. There are nine skilled workers employed full time for this job. Annual cost is Rs.49, 50,000 without considering overhead costs.
B4 -Set-up for inspection and test. This is the payroll cost of setting up equipment or products for inspection and function testing. This time is booked in the machine shop for set-up and test of machines. The cost is not considered as quality related cost.
Bs -Inspection and test materials (i.e. material consumed or destroyed in the control of quality) -Most of the costs have been included under element As. Material usage arising from destructive test is included in company's scrap costs. Hence costs are not considered.
B6 -Product quality audits. The estimated cost is 2% time of a manager in the quality control department.
B7 -Review of test and inspection data. This cost is not applicable for the said company. Bs -Field (on -site) performance testing -costs incurred in testing for product acceptance on customers' premises. The estimated time is 2% of a manager in the quality control department.
B9 -Internal testing and release -The cost of setting up and in -house testing of the complete product for customer acceptance. In this company such work is normally covered under B2 and B3. Occasionally special arrangements may be made for a customer to witness tests. The level of staff involvement in this activity is estimated to be 2% time of quality control manager.
BlO -Evaluation of site material (field stock) and spare parts -the costs of evaluation, testing or inspection of site material, resulting from engineering changes, storage conditions etc.
Since most of the company's production is made for stock by distributors and users there is often a considerable delay between manufacture and the product going into service. Hence problems arise from deterioration during storage, change, and changes to specifications, etc. It is estimated that attention to these problems takes up to 5% of quality control manager's time.
B 11 -Data processing inspection and test reportsThe costs incurred in accumulating and processing test and inspection data received from service centers as well as manufacturing operation, used in evaluation work within quality control department. It occupies an estimated 20% of the time of quality control manager.
The results of the examination of appraisal costs are summarized in the following Annual Turn over
C. Internal fa ilure costs
These are the costs arising of failure to achieve specified quality within the organization (before transfer ownership to the customer). The major items of costs are scrap and rework.
C1 -All scraps losses incurred I the course of meeting quality requirements. This element includes only that scrap arising of manufacturer's fault.
These costs are generated from inspection / rejection report and standard costs. They comprise the cost of materials and direct labour to the point of scraping. The scrap arises mainly from machine set-up and off cuts is also considered as an expensive source of scrap.
The income from selling of scrap is not deducted from the costs of scrapping products since the type and quantity of scrap sold at a particular time may bear no relationship to the current output.
Staff time input from the quality control department is estimated as 10% of quality control manager's time and there is some input from the accounts department in preparing cost data.
Cz -Rework and repair -The cost incurred in meeting quality requirements where material can be restored for use. The direct labour costs working on nonconforming materials are charged.
C3 -Trouble shooting or defect / failure analysis (to determine causes).
This work is carried out within quality control department and is estimated to take 10% of the time of quality manager.
C4 -Reinspection, retesting of products, which had failed previously. The costs incurred under B3 and Cz above, the involvement of test and repair workers in the production process complicates apportionment in this heading. Reinspection and retesting of rerouted rework is not identified separately from first inspection and tests. Because initial failure rates can be as high as 50% (although with easily repairable minor defects) the costs of the activities under this element could be fairly large.
Cs -Scrap and rework; fault of supplier's downtime.
Suppliers are expected to reimburse the full purchase price of any supplies, which are unusable owing to supplier's fault. Any other costs incurred up to the point of scrapping are not recovered on the matter of rework, it is either carried out by the supplier or by the company at the supplier's expense on some occasions attempted rework of faulty supplies may cause some lost time, materials or throughput. The costs of which are to be considered in this element.
C6 -Modifications, permits and concessions -the costs of time spent reviewing products, designs and specifications -usually from the engineering department or occasionally from customers. There is a substantial monthly design charge, much of which could be related to design changes. The input from the quality control department is estimated to be 10% of the time of manager quality control.
C7 -Downgrading -Most of the companies do not sell their products as "Seconds" at a reduced price. Hence this cost is not considered.
The following These are defined as the costs arising outside the manufacturing organization of the failure to achieve the quality specified (after transfer of ownership to the customer). Interpretation of the definition is not as straightforward as it appears, in as much that (l) the point of transfer of ownership is not unequivocal defined; (2) in the case of the company's products, the warranty period may not be initiated until several years after the sale of the product to the customer. D1 -Companies administration -the costs of administration of these complaints, which are due to quality defects.
Complaints being handled by the manufacturing company (as distinct from the distribution service and agency outlets) are dealt with wholly within quality control department. It is estimated that the time spent on such matters is 5% of the time of a quality manager.
D2 -Product or consumer service; product liability. Costs arising within the manufacturing company are likely to be included under OJ above. 03 -Handling and accounting of products rejected or recalled.
Costs of these are not measured or estimated. They are probably negligible.
04 -Returned material repair. Repair work is carried out under one cost centre and corers (1) work which is chargeable back to the customer; (2) work done under warranty; (3) repairs carried out free of charge. It is important here to distinguish between (2) and (3). Work done under warranty is work relating to products which have failed in service whilst under warranty (other warranty costs are included under Os by virtue of work carried out by retail service outlets). Work done free of charge on products returned by customer is work relating to products which failed on test or were damaged on receipt or corroded, etc. It is this latter cost which is to be collected under this element. It is defined in the accounts as "Company Liability". The quality control department staff effort input to this activity is inseparable from that going into element Os.
Os -Warranty replacement The costs of replacing products which have failed within warranty period.
Charges arise from several different sources: (1) payment made to the service centres for repairs carried out under warranty; (2) replacement products issued free of charge to service centres or customers in exchange for failed products which are repairable; and (3) staff time input dealing with warranty claims and payments 65% of a quality engineer's time. Though it is simple in principle, but the actual method of achieving the objective of satisfying customers may render the collection of costs different. Some customers deal directly with the factory and faulty product may be repaired and returned to the customer at a certain cost, or they may be replace in the stock by stripping and refurbishing the returned unit, but at a different cost. Service centres are recompensed at agreed rates for warranty repair work, but the same rates do not appear to apply to similar repairs carried out at the factory. Replacement units issued by service centres when a faulty unit is irrepairable are billed at the service centre stock valuation, which of course, is far higher than the factory issue price. Free -of -charge replacements of products found to be faulty before going into service are more straight forward but the valuation and crediting of the returned damaged product is unclear.
The external failure costs are summarized in the following 
VI.DISCUSSION FINDINGS
It is intended to discuss each category of costs in the broader context of the cost collection exercise as a whole.
(a) Prevention costs -In a small company it is necessary to record or estimate the proportions of time spent by personnel on each prevention activity in order to obtain a prevention cost analysis. In the present instance some 55% of the prevention cost is derived from estimated time coupled with an average employment cost.
(b) Clearly the costs of inspection and testing are far greater than all the other appraisal costs put together. Indeed some of the elements listed in BS 6143 attract no costs at all, and several others which together account for less than 10% of a manager's time might usefully be combined. In fact, apart from charges incurred for laboratory acceptances testing, the appraisal costs are the employment costs of ten inspectors, nine test and repairmen and one foreman/manager from the quality control department.
Problems of estimating apportionment of a foreman/manager's time are rather more straightforward under this category because 90% of it is divided between only two elements. Nonetheless it is felt that it could be beneficial to record board uses of time as suggested earlier.
Under this category two problems of definition of quality-related costs arise. The first is whether all or part of the activities of test and repair workers should be classified as being quality related, and the second is whether quality-related direct work should attract overheads for the purpose of measuring quality-related costs.
The effects on quality cost distributions and ratios of omitting this cost are shown in Table 6 .6. The effects of splitting the cost between production and quality, or between qualities cost categories, have not been evaluated.
The second problem, whether direct worker costs should attract overheads when measuring quality-related costs, is fundamental to the whole exercise of quality costing. The high overheads, which exist in manufacturing industry, can grossly distort the level and distribution of quality costs. If overheads are included, the costs of those elements involving direct workers are going to be grossly inflated in comparison with those involving indirect workers.
(c) Scrap and rework charges together with design changes account for almost the whole of the cost under this category.
Although the system for collecting costs of scrap is well established, other costs in this category were difficult to obtain. The problem of overheads arises again, and whilst it is conceded that it is entirely appropriate for overheads to be added to direct labour charges for the purpose of stock valuations and records, it is again contended that it is not appropriate for the purpose of collecting quality-related costs. The problem arises only because of the practice of recovering overheads on a direct labour basis. If a basis of, say, units of saleable products was used, there would not be a problem.
A noticeable feature of scrap reports is the significantly large weights of non-ferrous scrap (1 tone per month) accruing under the heading 'natural wastage' which arises mainly from material used during set-up and from off cuts or surpluses from stamping operations. Such scrap is a production materials loss. Its value is not a quality-related cost and care must be taken that it is not counted as such. The approval of BS 6143 of the practice of deducting income from sales of scrap from scrap costs is surprising for the reasons already given under CI earlier.
The definition of rework and repair costs is complicated by the test and repair situation as discussed earlier. Leaving aside that complication, even in those cases where the definitions and procedures to procure rework costs appear to be straightforward; difficulty was experienced in obtaining them.
Similarly no firm data were available for the costs of modifications, concessions and the general impact of design engineering on quality-related costs.
In the context of internal failure costs it is interesting to speculate whether the true economics surrounding the scrap or rework decision are known for each product under different conditions of output rate, urgency of delivery, materials supply, etc., or whether the decisions are really made in the light of engineering knowledge and experience.
(d) The major costs incurred are for repair of products, which have been returned by customers because they were found to be faulty before being put into service, and replacement of products, which have failed in service during the warranty period.
Although superficially it should be a simple matter to determine the magnitude of these costs, in practices. The systems are described under 04 and 05. Examples of the complications, which arise in ascertaining quality costs, are replacement of a defective unit from stock and replenishing the stock by refurbishing (as distinct from repairing) the faulty unit, and the obscuration of in-house warranty work carried out in the repair section of the factory. However, the figures quoted in Table 6 .5 are supplied by the accounts department and have, presumably, been properly disentangled.
VII. PRESENTATION AND USES OF QUALITY-RELATED COSTS
The only presentation and uses of quality-related costs in company 1 are the monthly reporting of the quality control department costs for budgetary control purposes and reporting of gross costs of scrap and warranty in management account. Although ratios are used as performance indicators in some aspects of the business, gross values are preferred. Quality costs do not feature in any of the ratios used. These typically involve measures of labour, sales and manufacturing cost. Costs do not appear to feature specifically in the day-to-day decisions about quality matters though it must be said that there is a very cost conscious atmosphere about the factory. On the other hand, dealing with warranty claims is a very cost-oriented activity, the basic documentation for which is a list of product applications, normal warranty limits, exceptions, warranty reimbursement costs, and agreed labour rates for agencies and service centres.
